Among various biological activities, saponin-rich extracts have been found to be larvicidal against mosquito larvae; however, no study so far has reported using pure furostanol saponins. In this study, three major furostanol saponins: (3) were isolated from methanol extracts of the fruit mesocarp of Balanites aegyptiaca (L.) Del. (desert date). Their identification was carried out by ESI-MS n and structures were elucidated by 800 MHz 1 H NMR spectroscopy. The larvicidal properties of these saponins against the Aedes aegypti mosquito larvae were evaluated. Results suggest that all three saponins possess larvicidal activity, but the activity was found to be related to the structure of the saponins, basically in the C-22 position of the aglycone and in the oligosaccharide chain. A furostanol saponin that presents -OCH 3 at the C-22 position compared to an -OH group, and the lack of a xylose molecule compared to its presence is found to be more larvicidal.
Saponins are naturally occurring glycosides. They are found mostly in higher plants, but a small number have also been found in many marine species [1, 2] . Although saponins have long been known for their defensive role in plants, many ethnobotanical and other biological activities are also attributed to these highly complex natural compounds [1] . Literature study revealed that, among other biological activities, saponin-rich extracts of Agave sisalana [3] , Quillaja saponaria [4] and Balanites aegyptiaca [5] [6] [7] have been found to be larvicidal against mosquito larvae. Saponin-rich extracts, such as the extract of the sea cucumber body wall, have also been reported to have larvicidal properties against the Culex pipens fatigans mosquito [8] .
Although there are some reports of saponin extracts exhibiting larvicidal activities, no reports are so far available about the larvicidal activity of a pure furostanol saponin [9] . In this study we have isolated the three major saponins from the fruit mesocarp of B. aegyptiaca, a medium size tree found in most dryland areas of the world that grows up to 10 meters in height and which has made many economical and medicinal, as well as ecological, contributions to many areas of Africa and India [10] . Most parts of this tree have medicinal uses [11] and various parts have largely been used as components of many popular preparations for their abortive, antiseptic, anti-malarial, antisyphilitic, and anti-viral (Herpes zoster) activity [12, 13] . The molluscicidal properties of the fruit and bark of B. aegyptiaca have been recognized and subsequently recommended as a means for the control of the fresh water snails that acts as an intermediary host of Bilharzia [14] . The molluscicide and other properties of B. aegyptiaca are attributed to its saponin constituents [15] . Literature studies have also revealed that various tissues of B. aegyptiaca, including fruit mesocarp, contain saponins, mostly furostanol NPC Natural Product Communications [5, [16] [17] [18] [19] . The objective of this study was to evaluate the larvicidal activities of the pure saponins of the fruit mesocarp of B. aegyptiaca against Aedes aegypti mosquito larvae, a major vector of dengue and yellow fever disease.
The larval mortality of the isolated pure furostanol saponins (1, 2, and 3) is presented in Table 1 and their LC 50 values are given in Table 2 , along with the exposure times. Highest mortality was observed in saponin 3 at all exposure times (after 1, 2, 4, and 7 days of exposure) compared to saponins 2 and 1. One hundred percent acute mortality (1 day of exposure) was found at 1000 ppm for saponin 3, whereas only 70% and 20% of such mortality was observed forsaponins 2 and 1, respectively, at the same time and concentration. No larval mortality was found with control treatment with up to 4 days of exposure; at 7 days, 5% larval mortality was recorded. 
Values are the means from three independent experiments with 20 larvae in each experiment ± standard error (n=3±SE).
The chronic toxicity (7 days of exposure) at the lowest concentration tested (25 ppm) approached 80% for saponin 3, whereas this remained at 50% for saponin 2. No chronic toxicity was observed at the lowest concentration for saponin 1. At 100 ppm, 100% mortality was found for saponin 3, whereas 500 ppm was needed to obtain 100% mortality for saponin 2. Saponin 1 never achieved 100% mortality; a maximum of 60% mortality was observed at the highest concentration used in the experiment (1000 ppm). The concentration at which 50% of the test larval population died (LC 50 ) was found significantly higher for saponin 1 compared to saponins 2 and 3 for all exposure times ( Table 2) . Saponin 3 was found to kill 50% of the tested larvae at a concentration of 133 ppm after 1day of exposure, whereas only 14 ppm killed such a population after 7 days. Saponin 2 was found more active than saponin 1. The result of this study was found to be in line with the previous reports of larvicidal activities of saponins. However, this larvicidal effect was found to be dependent on the structure of the saponins. The greater larvicidal effect was observed in the saponins that contained a methyl group at C-22, as in saponins 2 and 3, compared with saponin 1, which has no methyl group at C-22 (Table 3 ). This shows that the attachment of the methyl moiety is essential for larvicidal activity in furostanol saponins. In saponins 2 and 3, although both of them have a methyl group attached, their larvicidal effect is different. Saponin 2 contains a xylose molecule, but there is no such molecule in saponin 3. This shows that the presence of a xylose sugar in the sugar chain also has an influence on the biological properties and this significantly reduces the larval mortality. The presence of a methyl group and xylose in association with the biological activities of furostanol saponins has also been reported by Iorizzi et al. [20] . In that study, high fungal growth inhibition was achieved in the saponin containing a methyl moiety, but not with a xylose unit in the oligosaccharide chain. The result of this study also shows a dose-dependent effect of saponins on larval mortality.
Most of the literature reports showed that bidesmosidic furostanol saponins have either no or very weak biological activities [1] . However, the result of this study clearly shows that bidesmosidic furostanol saponins can have strong biological effects, but that the activities depend on the structure of the saponins. This study clearly points out that generalization of the saponins in terms of functionality is very difficult, as we demonstrated 
Isolation and structural determination of saponins:
The epicarp (outer cover) of the fruit was removed, after which the mesocarp (pulp) was collected, freeze-dried, and ground. The isolation of the major saponins was carried out as described elsewhere [18] . In brief, the freeze-dried mesocarp was pulverized, extracted with methanol, and dried under reduced temperature. The dried extract was eluted by methanol in solid phase extraction (SPE) cartridges (C 18), after discarding the first elution by water, and injected in a semipreparative HPLC column using a refractive index (RI) detector. Eight saponin peaks were separated and each peak was collected independently and evaporated to obtain the pure saponin. Identification of each saponin was performed by ESI-MS and ESI-MS n . Among the eight saponins, the three major ones were chosen on the basis of quantity obtained, and their structures were elucidated by 800 MHz 1 H NMR spectroscopy as 26-(O-β-D-glucopyranosyl)-3β,22,26-trihydroxyfurost-5-ene [17] and Staerk et al. [19] . All three saponins used in this experiment are bidesmosidic furostanols. The purified saponins were kept refrigerated until the bioassay tests were completed.
Larvicidal test: Eggs of the Aedes aegypti mosquitoes were obtained from the Entomology Laboratory of the Israel Ministry of Health, Jerusalem, and the necessary larvae were reared in the laboratory of the Institutes for Applied Research, Ben-Gurion University, as described by the standard WHO protocol [21] . The larvicidal properties of the three main saponins from the methanol extract of fruit mesocarp of B. aegyptiaca fruit (1, 2, and 3) were performed against the mortality of the laboratory-reared late third to early fourth stage instars larvae of A. aegypti mosquitoes, as described by the WHO guidelines for laboratory and field testing of mosquito larvicides [22] . Each saponin was dissolved in stabilized tap water maintaining a series of concentrations (0, 25, 50, 100, 200, 500, and 1000 ppm); twenty larvae were placed into 250 mL disposable plastic cups containing 100 mL of treatment solution, as described by Wiesman and Chapagain [23] . Larvae were fed baby feed and kept in a growth room maintained at 27±2 o C, RH 40±5% RH, and 12:12 h (light:dark) period. The larval mortalities were assayed at 24 h, 48 h, 96 h and 168 h after exposure. Larvae were considered either alive (clearly moving normally) or dead (no movement and no response to gentle prodding). Table 3 : Molecular weight (MW), configuration of C-22 position, and sugar molecule at different positions of the aglycone of the three major saponins of Balanites aegyptiaca fruit mesocarp [17, 19] .
Glu-glucose, Rha-rhamnose, Xyl-xylose Statistical analysis: The percentage mortality was calculated by dividing the number of dead larvae by the number of larvae introduced, as suggested by Nathan et al [24] . The lethal concentration causing 50% mortality was determined using the USEPA Probit Analysis Program for calculating EC values, version 1.4 [25] . Each set of experiments was replicated thrice, and mean and standard error of the mean were calculated by using JMP soft ware [26] .
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